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ABSTRACT
Aims. The aim of the present paper is to publish 24 synoptic maps of solar filaments, in which 296 prominence average unambiguous
magnetic field vectors were determined by Pic-du-Midi observations between 1974 and 1982, which is the ascending phase of cycle
XXI.
Methods. The magnetic field was determined by interpretation of the Hanle effect observed in the He i D3 line. Previous results about
the prominence field polarity and prominence chirality were applied to solve the fundamental ambiguity. The measurements were
averaged in each prominence for accuracy reasons.
Results. The result is twofold. First, alternating field directions can be observed from one neutral line to the next one. Second, a
general field alignment is found along a solar North-South field distorted under the differential rotation effect.
Key words. Magnetic fields – Polarization – Sun: magnetic fields – Sun: filaments, prominences – Sun: magnetic topology – Sun:
surface magnetism
1. Introduction
The first application of the Hanle effect (Hanle 1924, 1991) to
solar prominence magnetic fiels measurements is due to Hyder
in a seminal paper (Hyder 1965), after a theoretical investiga-
tion by O¨hman (1929), who showed that the radiation emitted
by prominences observed at limb should be linearly polarized
as due to radiative scattering of the solar incident radiation. As
a result, the linear polarization direction should be parallel to
the solar limb. But it is not, as observed by Lyot (1934) in the
Hydrogen Hα line of forty prominences. Further observations
of eight prominences also observed in the He i D3 line (5875.6
Å) are reported by Lyot (1936, 1937). Hyder (1965) summa-
rized all these observations in his Fig. 1, where it can be seen
that the linear polarization directions observed by Lyot are ro-
tated with respect to the solar limb. Hyder assigned this rota-
tion of polarization direction to the Hanle effect, as suggested
by O¨hman (1929). Rotation of the scattering linear polarization
direction is one of the main features of the Hanle effect. In his
Fig. 2, Hyder (1965) showed in addition that the resulting mag-
netic field would be consistent with a mainly North-South ori-
ented field distorted under the differential rotation effect. Thus,
the prominence mean magnetic field displays a general structure
on the Sun, which is the subject of the present paper.
The observations by Bernard Lyot showed that the linear po-
larization degree of the He i D3 line is on the order of a few
percent. Lyot obtained it with one significant digit. Forty years
later, Jean-Louis Leroy undertook new observations of quiescent
prominences at Pic-du-Midi with a coronagraph and a polarime-
ter designed and put into operation by Ratier (1975). The sec-
ond significant digit of the He i D3 polarization degree was de-
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termined (Leroy et al. 1977). He planned to repeatedly observe
the prominence magnetic field, in order to detect eventual cyclic
variations. As a result, 379 prominences were observed between
1974 and 1982, which is the ascending phase of cycle XXI.
The first theoretical model of Hanle effect in solar promi-
nences was developed by House (1970a,b). However, the atomic
density matrix approach developed by Bommier & Sahal-
Bre´chot (1978) and Bommier (1980) was first able to perform
all the required averages on atoms and incident radiation direc-
tions from the underlying solar surfaces. This led to the first
Hanle effect diagrams of the He i D3 line of solar prominences
(Sahal-Bre´chot et al. 1977). These diagrams form a data ba-
sis, in which linear interpolation was applied to determine the
379 prominence magnetic field. For accuracy reasons, only 323
prominences were retained at this step. In six cases, the observed
values were not fitted by the diagrams.
However, the obtained magnetic solution is ambiguous. In
exact right angle scattering, two field vectors symmetrical with
respect to the line of sight are responsible for the same effect
on the linear polarization. As a consequence, they remain am-
biguous. As discussed in Bommier & Sahal-Bre´chot (1978), this
ambiguity is to be related to the very large radiation wavelength
with respect to the atomic size. When scattering is not exactly at
right angle, the two ambiguous solutions may have slightly dif-
ferent field strengths. However the ambiguity is always present.
The magnetic field vector is not fully determined as long as the
ambiguity is not resolved.
Several methods were developed to solve this fundamental
ambiguity. One is comparison of two following days observa-
tions. The variation of the scattering angle under the effect of so-
lar rotation modifies the solution symmetry. The method is out-
lined in Bommier et al. (1981) and the results given in Bommier
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(2014). The method was also successfully applied by Kalewicz
& Bommier (2019) to a prominence more recently observed with
spatial resolution with the French THE´MIS telescope settled on
the European Izan˜a site on the Tenerife island (Canary Islands,
Spain).
A second method was developed from statistical analysis of
the mirror behavior of the ambiguity solution symmetry, together
with the previous result of small angle between the field vector
and the prominence long axis. This preliminary result was ob-
tained from the Polar Crown prominences of the sample, where
the prominence long axis, which is the associated filament main
axis, is aligned with the solar parallel and also the line of sight.
In this case, the angle between the field vector and the promi-
nence long axis is the same for both ambiguous solutions. This
angle was found to be on the order of 25◦ (Leroy et al. 1983).
The statistical analysis of Leroy et al. (1984) showed that the
prominence magnetic field vector is mainly of Inverse polarity
with respect to the photospheric field neighboring polarities sep-
arated by the prominence long axis, which coincides with the
photospheric neutral line below the filament.
This result was later on confirmed by comparing the ambigu-
ous solutions issued from two spectral lines of different scatter-
ing geometry as a result of different optical thickness. This tech-
nique was applied to fourteen prominences observed at Pic-du-
Midi in He i D3, which is optically thin, and in Hydrogen Hα,
which is not optically thin and where the prominence absorp-
tion and internal radiation contribution modify the incident radi-
ation anisotropy and scattering. The Inverse polarity was found
in twelve of the fourteen prominences (Bommier et al. 1994).
Another important point is the horizontality of the promi-
nence magnetic field, as shown for the first time by Athay et al.
(1983) from the Stokes II spectropolarimeter (Baur et al. 1980,
1981) observations at Sacramento Peak. The horizontality of the
prominence magnetic field was later on recovered by Schmieder
et al. (2014b) from observations with the THE´MIS telescope
(Schmieder et al. 2013, 2014a). This result about the field hori-
zontality was applied to the magnetic field determination in the
323 prominences observed at Pic-du-Midi. The ambiguity was
resolved in most of cases by selecting the Inverse polarity solu-
tion when the two ambiguous solutions correspond to two differ-
ent polarities. When this ambiguity resolution method failed, in
a smaller number of cases, the ambiguity was resolved by select-
ing the solution following the chirality law as obtained by Martin
et al. (1994). This law is dextral chirality in the northern hemi-
sphere and sinistral chirality in the southern hemisphere. Zirker
et al. (1997) showed that this chirality law is in agreement with
the Inverse polarity law for prominences as determined by Leroy
et al. (1984). The chirality law was previously obtained at high
latitudes by Leroy et al. (1983, see their Fig. 5).
In nine cases of our sample, it was not possible to solve the
ambiguity neither by the first method nor by the second one.
In some cases it was not possible to identify the filament associ-
ated to the prominence. As a result, we finally determined unam-
biguous average field vectors in 296 prominences. In the present
paper, we publish the synoptic maps of the solar filaments (com-
plemented with the photospheric field polarity and neutral line
from the McIntosh maps of NOAA/SEC), on which we have re-
ported the 296 prominence average magnetic field vectors. This
confirms the large scale structure of the prominence and solar
magnetic field, already outlined in Fig. 13 of Leroy et al. (1984).
In the following, we discuss in more details the magnetic
field determination method from the measurements in Sect. 2
and we present the measurement results and synoptic maps in
Sect. 3. We conclude in Sect. 4.
2. The Hanle effect applied to prominence magnetic
field measurements
2.1. The atomic density matrix formalism
The Hanle effect (Hanle 1924, 1991) applies to a spectral line
formed by radiative scattering. Except in the case of forward or
backward scattering, the line results in being linearly polarized
with polarization direction perpendicular to the scattering plane.
From this stage, the Hanle effect is characterized by two features,
namely a depolarization and a rotation of the polarization direc-
tion. It is assigned to the partial destruction by the magnetic field
of the atomic coherences, or phase relationships between differ-
ent sublevel wavefunctions in the excited state. These phase rela-
tionships are created by absorption of polarized (or directive) in-
cident radiation (Sahal-Bre´chot 1981). However, they are quan-
titatively described as off-diagonal elements of the atomic den-
sity matrix. These off-diagonal elements are called coherences.
Those coherences are maximum in zero magnetic field. When
the magnetic field separates the sublevels connected by the co-
herence, it becomes partially destroyed if the period of the mag-
netic Larmor precession is shorter than the radiative lifetime.
When the Larmor frequency is much higher than the inverse
radiative lifetime, the coherences become completely destroyed
and the line linear polarization becomes independent of the mag-
netic field strength. This is the case of the forbidden lines of the
Solar Corona where the lifetimes are very long (Sahal-Bre´chot
1974, 1977). When ωτ ∼ 1, where ω is the Larmor pulsation,
which is 2piν where ν is the Larmor frequency, and τ is the upper
level lifetime, more precisely when 0.1 < ωτ < 10, the depolar-
ization is partial and sensitive to the magnetic field strength. This
implies that each spectral line has its own sensitivity domain to
the field strength. A table of spectral lines and their sensitivities
can be found in Sahal-Bre´chot (1981, Table I). It can be seen
in this Table that the He i D3 line is sensitive to a field strength
of about 6 Gauss. It often happened that the prominence field
was found of this order of magnitude, which makes He i D3 par-
ticularly well suited to quantitative prominence magnetic field
measurements.
In the general case, the line formation description requires
to solve the statistical equilibrium equations for the atomic lev-
els and sublevels. Sahal-Bre´chot (1977) introduced the magnetic
field level separation and collisional transitions in the statiti-
cal equilibrium equations. As coherences were not accounted
for, this formalism was only able to deal with the case of the
saturated Hanle effect with ωτ  1, which is the case of the
forbidden Coronal lines. The problem was to introduce coher-
ences in the statistical equilibrium. In other words, the problem
was to write down the statistical equilibrium equations for the
full atomic density matrix. This was the PhD work of Bommier
(1977), published in Bommier & Sahal-Bre´chot (1978), later on
extended to higher fields and level crossings by Bommier (1980).
As the atomic density matrix represents the average atom
(Sahal-Bre´chot et al. 1998), this formalism enabled for the
first time quantitative calculation of solar radiation scattering in
prominences because it was able of integration on partially di-
rective incident radiation, which is fully described by the inci-
dent photospheric radiation density matrix (Bommier & Sahal-
Bre´chot 1978). It was then possible to complete the work initi-
ated by House (1970a,b). On this occasion, a sign error in the po-
larization rotation about the magnetic field was corrected. This
2
V. Bommier et al.: 24 synoptic maps of 296 prominence average magnetic fields
sign error is present in Fig. 7 of House (1970b) and also in Fig.
2 of Hyder (1965).
As the experiment by Jean-Louis Leroy was using a Lyot
filter and not a spectrograph, the line profile was not resolved.
As the Hanle effect is a level and not a line property, it is con-
stant along the line profile (it is however absent from coherent
far wings due to Rayleigh scattering). Therefore line profiles
are absent in the above described formalism. After a sugges-
tion by Landi Degl’Innocenti (1983, 1984), the polarized radia-
tive transfer equation was developed for the atomic density ma-
trix. Both system of equations were rederived in the S -matrix
formalism by Bommier & Sahal-Bre´chot (1991, statistical equi-
librium equations) and Bommier (1991, radiative transfer equa-
tion). By repelling step by step the Markov approximation, the
perturbation development of the matter-radiation interaction was
pushed forward and finally added up, which led to the introduc-
tion of line profiles and partial redistribution in the formalism
(Bommier 1997a,b, 2016).
2.2. Application to the prominence linear polarization
As the two main features of the Hanle effect are depolarization
and rotation of the polarization direction, it is usual to character-
ize the Hanle effect by two parameters, namely the polarization
degree p and an angle ϕ that refers the polarization direction
with respect to a reference direction Ox, which is generally the
zero-field polarization direction that results from pure radiative
scattering.
These two parameters may be related to two of the Stokes
parameters (I,Q,U,V). If Ox is the axis of positive Q and is a
reference axis perpendicular to the line of sight Oz, p and ϕ may
be related to Q and U by
p =
√
Q2+U2
I
cos 2ϕ = Q√
Q2+U2
sin 2ϕ = U√
Q2+U2
. (1)
It has to be remarked that this equation is able to define ϕ within
pi radians or 180◦.
Given these two parameters p and ϕ, it was usual to repre-
sent the theoretical Hanle effect by so-called diagrams, which
are abaci of the magnetic field effect on linear polarization. Two
axes are given in terms of p and ϕ for vertical and horizontal axis
respectively. A given linear polarization (p, ϕ) is a point in this
axis system. Abaci are drawn by plotting those series of points
obtained by increasing field strengths with fixed field inclina-
tion and azimuth, or by increasing field azimuth for fixed field
strength and inclination. Series of abaci are obtained when field
inclination is varied. In solar prominence, the field inclination
is referred to the local solar vertical axis (the solar radius). An
abacus but for pure directive scattering can be found in Fig. 7 of
House (1970b). The sign of the polarization rotation is wrong.
The first abaci for the solar prominence case in the He i D3 line,
can be found in Sahal-Bre´chot et al. (1977). In Fig. 5 of that pa-
per, observation values are also reported as points. This diagram
corresponds the the prominence horizontal magnetic field case.
It can be seen that the observed values fit very well the theoreti-
cal curves, in particular in the central empty space, which is the
first indication of horizontal magnetic field in prominences, be-
cause those non-horizontal diagrams in Fig. 6 of the same paper
do not display such a central empty space. Later on, Bommier
(1980) displayed diagrams extended to higher fields and to level-
crossings in the He i D3 line. Similar diagrams can be found in
Landi Degl’Innocenti (1982). A Hanle diagram is the cover il-
lustration of the monograph ”Polarization in Spectral Lines” by
Landi Degl’Innocenti & Landolfi (2004).
Observation data interpretation is then achieved by perform-
ing linear interpolation in diagrams. As two linear polarization
parameters are measured when three coordinates of the magnetic
field vector are looked for, the field solution is not unique and
can be represented as a series (Bommier et al. 1981, Fig. 3). The
full determination of the field vector can be achieved by crossing
solutions issued from two spectral lines of different sensitivity to
the Hanle effect. The He i D3 line itself is comprised of two fine-
structure components, a major one and a minor one. Indeed, the
major one is comprised of five unresolved fine-structure com-
ponents 3d3D3,2,1 → 2p3P2,1 whereas the minor one is com-
prised of the single 3d3D1 → 2p3P0 component. These two
components have unequal sensitivity to the Hanle magnetic field
as visible in Table I of Sahal-Bre´chot (1981). This results from
both different lifetime and different Lande´ factors. As a conse-
quence, they could provide a full magnetic field vector solution.
However, they are very close and partially overlap. Their respec-
tive observation then requires a spectrograph as was the Stokes II
instrument (Baur et al. 1980, 1981). Notwithstanding the prob-
lem to separate these two components for polarization analysis,
Athay et al. (1983) and Querfeld et al. (1985) were able to deter-
mine the full field vector in thirteen and two prominences respec-
tively. They showed that the magnetic field is mainly horizontal
in prominences.
The Pic-du-Midi data reported in this paper were on the
contrary observed through a Lyot filter. The two components
were then not resolved and only two parameters were measured,
which are the full line linear polarization degree and direction.
The above result of horizontal magnetic field in prominences
was then applied for analysis. At the end of the observation cam-
paign, the polarimeter was modified to quasi-simultaneously ob-
serve the Hydrogen Hα and Hβ lines. By using both He i D3
and Hydrogen Hβ, Bommier et al. (1986) were able to find
again nearly horizontal magnetic field vectors in fourteen promi-
nences. Schmieder et al. (2014b) confirmed horizontality for the
prominence magnetic field from resolved He i D3 observation in-
terpreted with PCA analysis applied to the polarization profiles
(Lo´pez Ariste & Casini 2002, 2003; Casini et al. 2003, 2005,
2009). Further investigations were possible inside the promi-
nence fine structure with a better spatial resolution (Levens et al.
2016a,b, 2017; Schmieder et al. 2017).
The He i D3 line is absent from the incident photospheric
spectrum. As a consequence, there is neither Doppler-dimming
nor Doppler-brightening effect in this line and the prominence
velocity field may be ignored in the analysis, which simplifies
the problem and yet increases the interest of this line.
3. Measurement results in 296 prominences
From our full sample of 3297 measurements achieved in 379
quiescent prominences observed in He i D3 at the Pic-du-Midi
during the ascending phase of Cycle XXI (1974-1982), we dis-
carded those prominences for which the identification of the neu-
tral line is doubtful (64 prominences). Several scattered and sur-
prisingly rather uniform recordings were made in each promi-
nence as represented in Fig. 1 of Leroy et al. (1977), through a
5 arcsec wide pinhole. However, the different measurements in
each prominence were finally averaged for accuracy reasons. We
have discarded those measurements that were not precise enough
(inaccuracy larger than 5 × 10−3 for the average linear polar-
ization degree or 10◦ for the average linear polarization direc-
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tion). The result is a unique determination of the average mag-
netic field vector of 296 quiescent prominences corresponding
to 2390 measurements. As explained above, the inversion was
obtained by linear interpolation in the horizontal field diagram
(Fig. 5 of Sahal-Bre´chot et al. 1977, later on extended to higher
field strengths). In six cases only the observation fell outside of
the diagram. Recent observations with a better spatial resolu-
tion (Schmieder et al. 2014b; Levens et al. 2016a,b; Kalewicz
& Bommier 2019) display a rather homogeneous magnetic field
across quiescent prominences, so that the consideration of their
average field makes sense.
The object of the present paper is to plot those average
prominence magnetic field vectors in synoptic maps of the solar
filaments. Indeed, a prominence is a filament observed at limb.
A filament is a stretched structure along a neutral line of the
photospheric magnetic field. This neutral line separates the pos-
itive photospheric polarity from the negative one. We used the
1974-1982 synoptic maps prepared at the Meudon Observatory
by M.J. Martres and I. Soru-Escaut, and we complemented them
with the magnetic information, neutral lines and photospheric
polarities, from the McIntosh maps (NOAA/SEC). These syn-
optic maps are provided on Figs. 1-24. Each synoptic map dis-
plays the whole solar surface observed close to the disk cen-
ter and the central meridian throughout one full solar rotation,
which is 27.28 days long on average. The Carrington longitude
is the horizontal axis and the solar latitude is the vertical axis
of the plot. The photospheric magnetic field neutral lines taken
from the McIntosh maps are added as green lines, and the pho-
tospheric magnetic field polarities also taken from the McIntosh
maps are referred to with plus (for positive polarity) and minus
(for negative polarity) signs on both sides of the neutral lines.
However, the magnetic field solution is ambiguous, as al-
ready discussed. In a first step the ambiguity was removed in all
cases where the two ambiguous solutions have opposite polar-
ities, by selecting the inverse polarity solution following Leroy
et al. (1984). We call this method the polarity method. The po-
larity of the prominence magnetic field is determined with re-
spect to the neighboring photospheric field polarities. The polar-
ity method enabled the ambiguity resolution for 264 of the full
sample of 296 prominences. As the two ambiguous solutions are
nearly symmetrical with respect to the line of sight, the method
fails when the neutral line lies along a meridian because, in this
case, the two ambiguous solutions have the same polarity. As ob-
served by Zirker et al. (1997), most of these 264 prominences,
where the polarity method successfully applies, are found to also
obey the chirality law of Martin et al. (1994). This law is dextral
chirality in the northern hemisphere and sinistral chirality in the
southern hemisphere. Therefore, in a second step the ambiguity
was removed for the 32 remaining prominences where the polar-
ity method does not apply, by applying the chirality law instead.
The chirality law was previously obtained at high latitudes by
Leroy et al. (1983, see their Fig. 5).
As the two ambiguous solutions are nearly symmetrical with
respect to the line of sight, the chirality method fails when the
neutral line lies along a parallel, and the polarity method fails
when the neutral line lies along a meridian. Where one of the two
methods fails, the other method applies. Thus, both methods are
complementary, and in those cases where both methods apply,
they give results in agreement for nearly all the cases. However,
it must be emphasized that the chirality method is derived from
the results of the polarity method. Also, by using this procedure,
a few normal polarity prominences were derived by using the
chirality method, and, accordingly, a few prominences are found
not to obey the chirality law, by using the polarity method to
solve the ambiguity. Such exceptions are preferentially found at
places where the general direction of a neutral line is changing.
As a result, we obtained unambiguous average horizontal
magnetic field vectors of 296 prominences each associated to a
filament observed eight days before (W limb) or after (E limb).
We reported these vectors in the synoptic maps of Figs. 1-24.
The magnetic field vector, one for each prominence, is reported
as a red or orange arrow of length 2 logB, in order to better see
the weaker fields and avoid too long arrows. The B value, ex-
pressed in Gauss, has always been found above one. Thus, logB
with B in Gauss is always nonzero and positive. At the top-left
corner of each plot, the red arrow represents 2logB for B = 10
Gauss and is provided as a reference unit. In the maps, the arrow
is in red when the ambiguity is resolved by applying the polarity
method. The arrow is in orange when the ambiguity is resolved
by applying the chirality method.
Two main features may be seen through those 24 maps. First,
alternating field directions can be seen from one neutral line to
the next one, as for instance in Figs. 12, 17, 20. This was schema-
tized in Fig. 5 of Leroy et al. (1983). Second, the field vectors
are generally aligned with a solar North-South field distorted un-
der the differential rotation effect. This differential rotation effect
was already pointed out by Hyder (1965, Fig. 2), but with a sign
error about the field direction. The cyclic variation may be ob-
served along these 24 maps. The Polar Crown belt is formed in
1978 (see Fig. 12), raises in latitude and disappears at pole in
1982 in Fig. 22. This cyclic behavior was already summarized
in Fig. 13 of Leroy et al. (1984).
4. Conclusion
.
We publish these 24 synoptic maps of disambiguated
averaged horizontal magnetic field vectors in 296 fila-
ment/prominences in order to present with details what was al-
ready synthetized in Fig. 5 of Leroy et al. (1983) and Fig. 13 of
Leroy et al. (1984), namely: 1/ alternating field directions from
one neutral line to the next one; 2/ general field alignment along
a solar North-South field distorted under the differential rotation
effect, as already observed by Hyder (1965, Fig. 2). The small
angle between the field vector and the prominence long axis ap-
pears as systematic and could also result from the differential
rotation effect, following also Fig. 13 of Leroy et al. (1984). The
average value of this angle is 43◦ (see the angle histogram in
Bommier & Leroy 1998, Fig. 1).
At the end of the observing period, the Pic-du-Midi po-
larimeter was able to observe quasi-simultenously the He i D3
and Hydrogen Hβ lines. Four polarization parameters were then
measured, namely two polarization degrees and two linear po-
larization directions. Three of them correspond to the determi-
nation of the full magnetic field vector, whose horizontality was
verified in fourteen prominences. The remaining fourth param-
eter corresponds to the determination of an additional param-
eter, which was the electron density responsible for line depo-
larisation by collisions. The density was found to be on the or-
der of 1 × 1010 cm−3, which is one order of magnitude weaker
as generally believed from Stark effect analysis. Besides, Stehle´
et al. (1983) showed that the quasistatic approximation usually
applied to the Stark effect modeling is probably responsible for
electron density overestimation. They showed that results in bet-
ter agreement with ours are obtained when ion dynamics is ac-
counted for in the Stark effect modeling.
Upon concluding, we would like to emphasize how impor-
tant is to identify the observed prominence with a filament ob-
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served on the disk some days before or after, in order to prop-
erly evaluate the average scattering angle of the photospheric
radiation by the prominence. Quiescent prominences are suffi-
ciently high to enable departures of this angle up to 20◦ from
90◦, i.e., from the so-called plane of the sky. It has to be recalled
that the linear polarization degree behaves like sin2θ, where θ is
this angle (Sahal-Bre´chot 1974, Eq. (37)). Such a 20◦ departure
is then responsible for a more than 10% relative change of the
linear polarization degree, which is of great importance for the
accuracy of the magnetic field strength and direction determina-
tions, owing to the nonlinearity of the Hanle effect. This proper
determination of the scattering angle from identification of the
prominence with a filament is particularly important for Polar
Crown prominences, which may even be observed above the
Solar Pole. Such identification was not performed by Merenda
et al. (2006), who observed a Polar Crown prominence and con-
cluded to non-horizontality of its average magnetic field, con-
trarily to the general result recalled in the present paper. Their
observed polarization was incompatible with the horizontal field
Hanle diagram plotted for right-angle scattering, but the scatter-
ing angle was not properly evaluated from identification with a
filament. The observed polarization was however not so far from
the horizontal field Hanle diagram, and the box of measurement
inaccuracies was also not plotted, which would have also led to
the possibility of average horizontal field in this prominence.
Another important point is the field ambiguity resolution.
The magnetic field vector is not fully determined as long as the
ambiguity is not resolved. The two ambiguous solutions may be
as different as shown in Fig. 1 of Leroy et al. (1984). The lack
of ambiguity resolution is frequently masked in the present lit-
erature (Schmieder et al. 2013, 2014a,b; Levens et al. 2016a,b)
by providing azimuth angle values within 180◦ for the magnetic
field vector. This vector is referred to in spherical coordinates
with Oz axis along the local solar radius. The azimuth is then
defined from the projection of the magnetic field vector in the
horizontal plane, and it is to be within 360◦. When the scattering
is right angle, the two ambiguous field vectors are symmetrical
with respect to the line-of-sight, which is also the reference axis
for the azimuth angle definition. The two ambiguous fields then
have opposite azimuths. Therefore, only positive azimuths be-
tween 0◦ and 180◦ are provided in this literature without any
ambiguity resolution. Moreover, when the scattering is not at
right angle, the two ambiguous solutions are no more exactly
symmetrical. Examples may be found in Bommier et al. (1994),
where the average field strengths, inclinations and azimuths of
the two ambiguous solutions for fourteen prominences are pro-
vided in Table III. It can be seen there that the two ambiguous
field strengths may differ by a factor up to two, under the effect
of the departure from the right angle scattering. This is again an
example of the importance of properly evaluating the scattering
angle from identification of the observed prominence with a fil-
ament observed on the disk some days after of before, as done in
the present work. The proper evaluation of the scattering angle
enables one of the methods used in the present work for solving
the ambiguity, which is to compare the solution pairs obtained on
two following days. The solar rotation effect modifies the sym-
metry of the ambiguous solutions.
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Fig. 1. Synoptic map of rotation 1616. See text about details.
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Fig. 2. Synoptic map of rotation 1617. See text about details.
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Fig. 3. Synoptic map of rotation 1618. See text about details.
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Fig. 4. Synoptic map of rotation 1629. See text about details.
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Fig. 5. Synoptic map of rotation 1634. See text about details.
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Fig. 6. Synoptic map of rotation 1636. See text about details.
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Fig. 7. Synoptic map of rotation 1640. See text about details.
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Fig. 8. Synoptic map of rotation 1641. See text about details.
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Fig. 9. Synoptic map of rotation 1656. See text about details.
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Fig. 10. Synoptic map of rotation 1657. See text about details.
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Fig. 11. Synoptic map of rotation 1658. See text about details.
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Fig. 12. Synoptic map of rotation 1670. See text about details.
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Fig. 13. Synoptic map of rotation 1671. See text about details.
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Fig. 14. Synoptic map of rotation 1674. See text about details.
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Fig. 15. Synoptic map of rotation 1681. See text about details.
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Fig. 16. Synoptic map of rotation 1682. See text about details.
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Fig. 17. Synoptic map of rotation 1683. See text about details.
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Fig. 18. Synoptic map of rotation 1684. See text about details.
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Fig. 19. Synoptic map of rotation 1696. See text about details.
10 Gauss
2 log B
Fig. 20. Synoptic map of rotation 1697. See text about details.
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Fig. 21. Synoptic map of rotation 1698
. See text about details.
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Fig. 22. Synoptic map of rotation 1719. See text about details.
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Fig. 23. Synoptic map of rotation 1720. See text about details.
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Fig. 24. Synoptic map of rotation 1722. See text about details.
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